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This study investigated the effectiveness of electroacupuncture analgesia (EAA) at local
and paravertebral acupoints for a rabbit undergoing an ovariohysterectomy. Twelve clin-
ically healthy New Zealand white rabbits were chosen and divided into two groups: the
control group (5 rabbits) and the experimental group (7 rabbits). A neuroleptanalgesic
(ketamine þ xylazine) was administered to the control group (NLA group); the experi-
mental group received EAA treatment (EAA group). The EAA treatment includes one
acupuncture formula for local stimulation at the incision site and systemic stimulation.
Results of clinical research have shown postoperative analgesia using EAA treatment to
be superior to that using NLA. The average postoperative recovery time was 5.2 times
longer in the NLA group than in the EAA group. Because consciousness was maintained,
EAA presented an advantage in thermoregulation. Animals administered NLA had pro-
longed thermal homeostasis because of neurovegetative disconnection. For the EAA
group, the operative times were characterized as excellent (28%, p Z 0.28) or good
(72%, p Z 0.72). Local stimulation at the incision site provided excellent analgesia of
the abdominal wall (100%). In conclusion, EA can provide general analgesia with a consid-
erable analgesic effect for a rabbit undergoing an ovariohysterectomy, resulting in a short
postoperative recovery time.d Surgical Propedeutics, Faculty of Veterinary Medicine, University of Agricultural Sciences and
400372, Romania.
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16 V. Parmen1. Introduction
Electroacupuncture analgesia (EAA) is a method of anes-
thesia, which is carried out in surgery without the use of
drugs. In this form of analgesia, acupoints or nervous
network stimulations are used as the crucial mechanism.
The use of EA for surgical analgesia was first described in
traditional Chinese medicine. It was devised to alleviate
the complications of manual acupuncture delivered during
surgery by an acupuncturist and an anesthesiologist.
The concept of acupuncture analgesia (AA) began in
1965 when a famous neurophysiologist, Professor Zhang
Xiangtong, completed an experiment on animals that
involved the interaction of two different acupoints [1].
Experimental studies in the last 60 years have demon-
strated the effective use of EA for pain management and
inducing surgical analgesia [2e4]. Currently, successful
surgical procedures are being carried out on dogs, cats,
cows, horses, donkeys, pigs, rats, and humans under EAA
[5e9]. The necessity of using EAA in abdominal surgery has
been studied from the following viewpoints: providing an
alternative analgesic method with minimum side effects;
providing a method capable of suppressing surgical pain
during surgery; providing postoperative analgesia and
reducing recovery time; studying the physiological param-
eters, including heart rate (HR), respiration, and internal
temperature, during surgical EAA; studying the advantages
and the disadvantages of EAA on a rabbit undergoing an
ovariohysterectomy and critically assessing neuro-
leptanalgesia (NLA); studying a natural analgesic method
with a potential value in abdominal surgery for reducing
side effects.
The most common side effects of local anesthetics can
be divided into the following two categories:
Local: infection, hematoma, complicated hematoma,
induced vasoconstriction (drugs in conjunction with
epinephrine), local allergic reaction, pain, tissue damage,
myotoxicity, and nerve injury (neuropraxia).
Systemic: anaphylactic reaction, allergic reaction, car-
diac arrest, hypotension, bradycardia, and ventricular
arrhythmia. However, the administration of NLA in rabbits
undergoing surgical procedures has an anesthetic risk,
which represents 1.39% of all deaths [7]. General anes-
thetic drugs are often responsible for bradycardia, bra-
dypnea, and decreased blood pressure with a negative
influence on cellular perfusion. In rare cases, general
anesthesia causes hyperexcitability in rabbits.
Physiologic disturbances commonly encountered in drug-
induced anesthesia, such as blood hypotension, hypoxia,
and hypothermia, are the main consequences responsible
for the impaired detoxification of the metabolic process.
Some body cells are highly sensitive in hypoxic conditions
(neurons and myocardial cells), whereas others are highly
sensitive in hypotensive conditions (renal and hepatic
cells). Because of the impaired liver’s metabolic function,
the retention time of an anesthetic drug in systemic cir-
culation requires strict monitoring of the patients.
The purpose of this study is to demonstrate the effec-
tiveness of EA stimulation carried out for local analgesia at
the incision site, systemic analgesia by paravertebral
stimulation, and postoperative analgesia in rabbits under-
going an ovariohysterectomy. The purpose of acupunctureformula proposed for local stimulation at the postumbilical
site (ST-25/ST-25) is to evaluate the degree of local anal-
gesia (the skin area from the abdominal site under anal-
gesia) and the synergic effect in conjunction with
paravertebral stimulation in a laparotomy on the midline
following an ovariohysterectomy. Postoperative assessment
of local analgesia at the incision site was performed to
evaluate the extension and the degree of analgesia. An EA
stimulation of the paravertebral area has been designed
with the aim of achieving systemic AA by applying
segmental acupuncture. To the author’s knowledge, no
studies on the effects of EAA using paravertebral and local
acupoints in rabbits undergoing an ovariohysterectomy
have been published.
Four theories [10e14] are used to explain the mecha-
nism of AA. First, the neurological theory explains how
acupuncture impulses travel over the nervous pathways.
Acupuncture stimulates type I and II myelinated fibers of
afferent nerves or A-d fibers in muscles, all of which send
impulses to the anterolateral tract of the spinal cord. Un-
myelinated C fibers and small myelinated d fibers are
responsible for noxious stimulation. Second, the humoral
theory explains the involvement of the hypothal-
amusepituitaryeadrenal axis, which plays an important
role in stress response and anti-inflammatory modulation.
The complexity of the humoral mechanism is coordinated
by the release of corticotropin, adrenocorticotropic hor-
mone (ACTH), cortisol, catecholamine, noradrenaline, and
vasopressin, along with neuromodulatory substances (both
opioid and nonopioid). Third, the gate control theory of
Melzack and Wall describes how acupuncture stimuli close
theoretical gates in the spinal cord, blocking pain impulses
traveling up the spinal cord, thereby preventing them from
reaching the pain center of the brain. Fourth, the meridian
theory is based on the Taoist concept of the flow of life
force (Ch’i) within an animal’s body. Health of the body
depends on the balance between the Yang and the Yin in
this life force. The Ch’i is presumed to flow over a network
of Ching-lo or meridians, and therefore, needling the cor-
rect acupuncture points on these meridians to remove any
imbalance of the Yang and the Yin forces that may be
present during periods of ill health is important.
Clinical assessments of the analgesic effect of
acupuncture carried out in veterinary surgery [2,15] and
human medicine [16,17] are important in surgical
acupuncture. The outcome of surgical acupuncture is
routinely classified either as excellent, good, or poor, or in
grades of I and II (satisfactory) or III and IV (unsatisfactory)
[14]. However, inconsistent results have been recorded in
previous assessments, leading to the adoption of
acupuncture-assisted anesthesia (AAA), a procedure in
which a reduced dosage of general anesthetic drugs is
combined with compound acupuncture (manual or EA) [18].
The advantages of using AAA in surgery are better myor-
elaxation, which facilitates restraining procedures; mini-
mal depression of vital functions; maintenance of adaptive
reactions; postoperative analgesia; and a reduced dosage
of drugs. However, the main disadvantages are represented
by the synergic effects of some drugs, which can lead to an
overdose; the need to modulate the dosage of anesthetic
drugs for every animal; the antagonist effect of some drugs
used in conjunction with EA; inconsistent reaction of some
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eliminated; and the higher cost [19e21].
There are two main physiological changes among the
clinical assessments performed in EAA: behavior manifes-
tations and autonomic responses. The autonomic responses
are represented by changes in pulse rate, blood pressure,
and respiration [8].
In this study, EAA treatment was carried out on rabbits in
the EAA group. In parallel with the EAA group was a control
group of rabbits to which an analgesic (NLA), which is
routinely used in veterinary practice, was administered.
The reason for having the NLA group was to highlight the
advantages of using EAA in surgery.
2. Material and methods
This study was performed according to the guidelines on
the use of living animals in scientific investigations. All
experiments were approved by the Ethical Committee of
the Faculty of Veterinary Medicine, Cluj-Napoca, Romania
(No. 10473/24.07.2012).
2.1. Animals, electronic devices, and other
materials
For the experiments, 12 female New Zealand white rabbits
between the ages of 10 months and 1.8 years, weighing
between 1.3 and 2.8 kg, were used. The rabbits were
separated into two groups, namely, the EAA group (n Z 7)
and the NLA group (n Z 5).
A specially designed device was proposed to facilitate
the administration of analgesia and contend with the rab-
bits undergoing EAA (Fig. 1B). The body position of the
rabbit during the surgery was restrained dorsally with the
legs tied in extension (Fig. 1A).
The clinical functions, including HR (heart activity), R
(respiratory activity), and t C (internal temperature), were
recorded using an Infinity Delta system (Dra¨ger). The EA
devices were WQ-IOD1 and KWD-808 l. Acupuncture needles
were Scarborough 0 (30  75 mm) and Ding DragonFigure 1 (A) Rabbit restrainment for0 (20  25 mm) needles. In the EAA group (7 rabbits), EA
stimulation was used, and in the NLA group (5 rabbits), NLA
[50 mg/kg ketamine administered intramuscularly (i.m.)
and 5 mg/kg xylazine i.m.] was used.
2.2. Determination of acupoints
The location of the acupoints was determined by following
the topographic anatomy of acupoints in human and vet-
erinary acupuncture, namely, GV-16 (Tian Men), GB-20
(Feng Chi), BL-25 (Da Chang Shu), and ST-25 (Tian Shu)
[3,22]. As a result of stimulating different anatomic areas
and no particular acupoints being specific to the locations
(according to the human and veterinary acupuncture), new
points were established (N1 and B1) by following the
rigorous positions of nearby acupoints described in
acupuncture literatures [3,22].
The locations of the dorsal acupoints for systemic anal-
gesia are as follows: For the neck area, acupoint N1 (“N” for
neck area and “1” for acupoint number 1) is located at the
lateral border of the trapezius muscle between the atlas
vertebra and the occipital bone at 1 cm lateral to the
midline (perpendicular insertion, 1e1.3 cm in depth) or
halfway between GV-16 and GB-20 (Fig. 2A). For the lumbar
area, acupoint B1 (“B” for back area and “1” for acupoint
number 1) is located at 1 cm lateral to BL-25 (Da Chang Shu)
[3] and midway between L4 and L5 at the tip of the
transverse process of the vertebra, including a deep
perpendicular insertion (depth: 2.5 cm) through the ilio-
costalis and longissimus muscles (Fig. 2B). For local anal-
gesia, the needles were inserted subcutaneously 6.5e7 cm
at 1 cm lateral to the umbilicus (or halfway between the
midline and the mammary papilla) (Fig. 2C). The location of
this acupoint corresponds to ST-25 or Tian Shu [3].
The needle insertions for dorsal stimulation (cervical N1
and lumbar B1) were smooth and rapid. All needles were
prestimulated manually by lifting/thrusting and twirling
methods with high intensity for approximately 2e3 seconds
until Ch’i (or Qi) had been achieved. The insertions of
acupuncture needles in the abdominal site were smooth to
avoid them penetrating the abdominal muscles.surgery and (B) restraining device.
Figure 2 The topography of acupoints carried out in EAA (N1, B1, and ST-25). Atlas vZ atlas vertebra; tempZ temporal bone,
occip Z occipital bone; trap m Z trapezius muscle; splen m Z splenius muscle; clmas Z cleiodomastoid muscle; omotr Z
omotransversarius muscle; longi and iliac m Z longissimus & iliocostalis muscles.
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For local stimulation at the incision site, an acupuncture
formula consisting of the bilateral connection of acupoint
ST-25, Tian Shu, was designed. For paravertebral stimula-
tion, bilateral EA stimulation of point N1 connected with
point B1 was proposed. The positions of the anode and the
cathode were established in the following manner: the left
site with the cathode at N1 and the anode at B1, and the
right site with the anode at N1 and the cathode at B1. The
EA device (WQ-IOD1) used in local stimulation did not
specify the polarity of output. The EA device KWD-808 1
was used to stimulate the dorsal muscles (2.2e2.7 V; f1:
80 Hz; f2: 80 Hz), and WQ-IOD1 was connected to the
abdomen (Low (Lo): 8 V, E Z E/3; f1: 20 Hz; f2: 80 Hz).
The characteristics of EA stimulation (intensity and
frequency) were maintained entirely during the period of
both induction and surgery. The EA equipment was turned
on, and the intensity of the electric current stimulation was
slowly increased from zero until the animals showed signs
of discomfort and twitching. After that, the intensity was
slowly increased to 4, 6, and finally to 8 V for the abdominal
site; for dorsal stimulation, the intensity was slowly
increased to 2.2 V and then to 2.7 V. For both EA stimuli
(dorsal: neck/back site; local: abdomen/incision site), theTable 1 Results of electroacupuncture analgesia in a rabbit ov
Case no. EAA
EAA stimulation
Local stimulation (abdominal) Dorsal
ST-25/ST-25
1 þ þ
2 þ þ
3 þ þ
4 þ þ
5 þ þ
6 þ þ
7 þ þ
EAA Z electroacupuncture analgesia; min Z minutes.same frequency (80 Hz) was applied. The parameters of the
EAA, including stimulation time, were recorded for each
rabbit: induction (preoperative) Z 20 minutes and main-
tenance (operative) Z 22e35 minutes (Table 1).
For the analgesic assessment of EAA, the following
analgesic scale was proposed: excellent Z neither sensi-
tivity nor minor tremor during incision, tissue dissection,
traction of visceral organs, or needle insertion test;
good Z mild sensitivity with minor tremor during incision,
tissue dissection, traction of visceral organs, or needle
insertion test; poor Z frequent sensitivity during incision,
tissue dissection, traction of visceral organs, or needle
insertion test, with no negative impact on surgery. Addi-
tional, postoperative analgesic effect around the incision
site was evaluated using a different analgesic scale:
excellent Z no sensitivity; good Z mild sensitivity; and
poor Z frequent sensitivity.
2.4. Experimental plan
The experimental plan consisted of four sections: prepa-
ration for EAA (local and systemic), induction time, EAA
maintenance and ovariohysterectomy, and postoperative
care (1 hour). All rabbits were gently handled and evalu-
ated for stress. Throughout the study period, physiologicariohysterectomy.
Results
Stimulation time
Induction (min) Maintenance (min)
20 35 Good
20 27 Good
20 26 Excellent
20 23 Good
20 25 Good
20 22 Excellent
20 27 Good
Figure 3 Clinical changes of heart rate (HR), R (respiration), and t C (temperature) in the EAA and the NLA groups.
EAA Z electroacupuncture analgesia; NLA Z neuroleptanalgesia.
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intervals, as displayed in Fig. 3.
The assessment of analgesia was carried out in all sec-
tions as follows: For the induction time, a needle test was
used to evaluate the degree of local analgesia at the inci-
sion site before performing a laparotomy. For the operative
time, every reaction of the rabbit was assessed and the
degree was noted. These reactions included extensions of
the hind legs, mastication, grinding of teeth, vocalization,
urinary emission, and sudden movements of the head and
the body that might have been triggered by one particular
stage while performing the ovariohysterectomy. Finally, for
postoperative care, the degree of analgesia at the incision
site was evaluated.
Behavioral changes were evaluated in all four parts of
the study. For postoperative care, three factors were
assessed, namely, recovery time with the ability of the
rabbits to react and move the body, neurological signs, and
stress. A clinical assessment similar to that for the EAA
group was carried out on the control group.Table 2 Reflexes recorded in the NLA group and in the EAA gro
Reflexes NLA group (n Z 5)
Operative P
Palpebral  þ
Ocular þ, reduced þ
Tone of the masseter muscle  þ
Myorelaxation þ 
Third eyelid þ 
Lacrimal hypersecretion þ þ
EAA Z electroacupuncture analgesia; NLA Z neuroleptanalgesia.3. Results
Clinical data significant for this study consisted of assess-
ments of reflexes, physical parameters, and behavioral
changes recorded during the preoperative, operative, and
postoperative stages for both groups: control (NLA) and test
(EAA). Some reflexes, palpebral/ocular reflex, myorelax-
ation, and tone of the masseter muscle, were not examined
to avoid stress factors (Table 2). The HR, respiration (R),
and temperature (t C) recorded for both groups are pre-
sented in Fig. 3.
The clinical parameters recorded in the NLA group can
be described as follows: The respiratory activity (R) sharply
increased in the first few minutes of anesthesia, followed
by a regression to within the normal range. The first part of
the operation was characterized by tachypnea, followed by
increased frequency to within the normal range. The res-
piratory function during the postoperative stage gradually
increased with evident tachypnea. The HR during the pre-
operative stage was within the normal range with a gradualup.
EAA group (n Z 7)
ostoperative Operative Postoperative
No data þ
þ
þ

þ 
 
20 V. Parmendecline. In the operative stage, bradycardia (125e135
beats/min) reached a lower level, followed by a gradual
increase that was sustained during the entire postoperative
stage. The internal temperature slowly decreased during
the preoperative stage, fell sharply during the first part of
the operative stage, and was sustained, with evident hy-
pothermia (þ36.9 to þ37.5 C), during the postoperative
stage.
The clinical parameters recorded in the EAA group can
be described as follows. During the preoperative stage, the
introduction of EA stimulation caused the following
behavioral and clinical changes: local stimulation expressed
as fasciculation on the abdominal muscles and artifacts in
HR recordings during the entire period of EA; paravertebral
stimulation triggering an evident contraction of the neck
muscles with a temporary character; superficial twists of
the head and body on some occasions, followed by exten-
sions of the hind legs; and clinical changes expressed as
increased respiratory frequency, reduced HR, and elevated
body temperature (þ0.3e0.8 C).
The respiratory rates during preoperative care and dur-
ing operation were considerably elevated (80e135/min),
followed by a gradual decrease during postoperative care.
The trend was sinuous shaped, fluctuating over the entire
length of EA stimulation.
Heart activity was sharply decreased (85e125 beats/
min) during the first 10 minutes of EA stimulation, with a
slow improvement in the last 10 minutes of induction.
Interestingly, within the operation time, the heart activity
improved, following the same trend as that observed during
postoperative care. During induction, the body tempera-
ture slowly increased before reaching a plateau (þ0.3 to
þ0.8 C). The variation in the temperature clearly
decreased during the operation due to the laparotomy and
partial exposure of internal organs, but that decrease was
followed by a drastic increase during postoperative care.
An analgesic assessment underlined by needle probe was
allowed to provide a complete map of the inferior
abdominal area and to display the degree and the extent of
analgesia (Fig. 4). The extent of the analgesic area on the
skin was approximately 1.3 cm around the incision and
3e4 cm cranial and caudal to the incision.Figure 4 EAA induction: the map displays skin analgesia of
the ventral abdomen in rabbits. EAA Z electroacupuncture
analgesia.In four of the seven rabbits studied (4/7 or 57%,
p Z 0.57), a mild sensitivity on the left ovarian ligament,
clinically expressed by extensions of the hind legs and a
short motion of the head and body, occurred during the
operation. Consequently, the physical parameters,
including heart and respiratory activity, were modified for a
few minutes, showing tachypnea and tachycardia. The de-
grees of sensitivity expressed by behavioral changes and
physical parameters were lower while the right ovarian
ligament was being approached (2/7 or 28%, pZ 0.28). The
only stage with a variable sensitivity that could be quanti-
fied during the ovariohysterectomy was the exteriorization
of the ovaries, a surgical technique that implies a stretch-
ing of the suspensory ligament (Fig. 5B).
All of the rabbits in the EAA group expressed urinary
emission while the first ovary (the left) was being removed.
Gentle stretching of the mesentery from a segment of the
small intestine did not lead to any sensitivity, and the
bladder could be manually emptied.
Local stimulation combined with paravertebral stimula-
tion was appropriate to maintain the laparotomy, being
classified as excellent analgesia (7/7). The clinical findings
in EAA were analyzed and classified according to grade as
follows: excellent: 2/7 (p Z 0.28, 28%) and good: 5/7
(p Z 0.71, 72%).
During postoperative care, every rabbit in the EAA group
was in the sterno-abdominal position with its hind legs
extended (4e9 minutes); this was followed by adopting a
crouched position of the body, which helped in preserving
the internal temperature. After this period, all rabbits were
ambulatory, sniffing objects, and expressed interest in
food, with slightly relaxed ear flaps. During the operation
stage for the NLA group, a mild sensitivity that is charac-
terized by fasciculation of the abdominal muscle and mild
motion of the hind legs during the incision of abdominal
wall and occasionally upon exposure of the ovary was
recorded. The NLA group had urinary emission as the sec-
ond ovary (the right one) was approached or shortly after.
During the NLA group’s postoperative time, all rabbits were
in lateral recumbency for approximately 30e45 minutes,
with signs of opisthotonus, bruxism, and rotational
nystagmus. During that time, the rabbits were unable to
stand up or move their bodies. The neurological signs
(opisthotonus, bruxism, and nystagmus) recorded in the
NLA group were not encountered in the EAA group. The NLA
group was positive on the needle test during postoperative
care. The test underlines a poor local analgesic effect
(poor Z 5/5 or 100%). Screaming related to stress or pain
was not recorded in either group during this study.4. Discussion
The indications for EA in the medical field may vary, and it
is often used in pain management, in the treatment of in-
ternal disorders [2e4,23], and in surgery [2,15].
The purpose of using EA in treatment or surgery is to
induce a continuous stimulation in certain parts of the body
to modulate nerve stimulation. The normally assessed in-
formation from the spinal cord and the central nervous sys-
tem (CNS) involving the hypothalamusepituitaryeadrenal
axis is interrupted. This interruption plays an important role
Figure 5 EAA maintenance: (A) the incision of abdominal wall, (B) the exposure of left uterine horn, (C) the exposure of the
ovaries, and (D) continue suture of abdominal wall. EAA Z electroacupuncture analgesia.
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not necessarily start from accurate insertions at the acu-
points [2,24]. The quality of nerve stimulation sustained by
EA along the passage of the nerves determines the degree of
endogenous analgesia.
Different types of EA stimuli in surgery have been used
for nearly sixty decades [8,15,17,18,25]. The induction
time of EA can vary from 8 to 30 minutes, with 20 minutes
being the duration most commonly reported [2]. In this
study, an induction time of 20 minutes was considered an
appropriate amount of time for performing a rabbit ovar-
iohysterectomy using EAA.
During the study, external factors, including the beeping
noise of the Infinity Delta system (Dra¨ger), powerful light,
conversational noise, and suggestions to cover the face
against the light, were considered as stress factors for the
EAA group. These were expressed clinically by sudden
contractions of the neck muscles, rapid breathing, eyes
being wide open, generalized sensitivity of the body, and
extensions of the hind legs. Noise was considered the most
stressful and disturbing factor. Upon insertion of the
acupuncture needles, three of the seven rabbits (42%)
presented with generalized sensitivity, with a minor degree
of persistent sensitivity during the surgery (pZ 0.42). This
information supports the theory that stress is the main
factor that needs to be addressed in rabbits before un-
dertaking EAA. Poor cooperation between the animal and
the surgeon allowed stress to compromise the animal’s
calmness even though EA stimulation was also an external
factor responsible for generating stress. This was clinically
expressed by an increased respiratory frequency and a
reduced HR during the induction time (Fig. 3).
Three approaches to point selection are commonly
described in surgical acupuncture: ear acupoints, body
acupoints, and scalp acupoints (human analgesia with Jiao
Shi scalp acupuncture) [1,2]. In veterinary medicine, EAA is
mostly used in abdominal surgery whereas in human sur-
gery, AA is carried out in other types of surgery, such as
thyroid, thoracic, heart, and cerebral surgeries [8].
Currently, EAA is used in China, Korea, and other countries
in a free form or in a form assisted by drugs. In the United
Kingdom, performing surgery on animals under AA is illegal.
The acupuncture formula proposed in this study (6 acu-
points) focused on extensive EA stimulation of the para-
vertebral muscles of 25 vertebrae and located at the
incision site (Fig. 6).
The EA acting as a stress factor could be responsible for
the variations in the respiratory and HRs. Tachypnea and
bradycardia are signs of induced stress that can beexplained as responses of the autonomic nervous system
(sympathetic activity) to external factors. During the
operative time, decreased tachypnea and normal HR were
related to lack of pain. The sensitivity quantified during the
exposure of the ovaries indicates mild analgesia of the
suspensory ligament. Behavioral changes were expressed as
short contractions of the neck muscles and flexion of the
hind legs. The differences in sensitive perception between
the left (4/7) and the right ovary (2/7) showed better
analgesia in the right ovary (2 exposed). The reactions of
the rabbits at this stage of the operation were not suffi-
ciently considered as initial stress factors that could
decrease the threshold in the ensuring steps and compro-
mise the surgical procedure.
The EA on the dorsum points and ST-25 may have a good
inhibitory effect on the ligament traction reflex and
remarkably reduce visceral pain. During postoperative
care, the gradual decrease of tachypnea, the normal heart
activity, and the recovery of normal body temperature
were associated with no pain at the incision site and were
thought to signify an emotional comfort with no signs of
pain or distress. The aforementioned information supports
EAA as a mechanism of stress-induced analgesia [14]. Dur-
ing postoperative care, the rabbits from the EAA group had
preserved self-consciousness with a considerable advan-
tage in motions and positions of their bodies to facilitate
restoring homeostasis and avoiding an additional imbalance
of internal temperature. In conclusion, the mechanism of
stress sustained by EA stimulation is part of neuroendocrine
activity.
The pathway of electric stimulus from dorsal stimulation
(neck N1 and back B1) involves an oblique transection of the
inner and the outer bladder meridian (BL) along 25 verte-
brae from the thorax and lumbar areas. Dorsal stimulation
has a positive influence on systemic analgesia. This was re-
flected in the difference between bilateral and unilateral
dorsal stimulations represented by one collapsed acupunc-
ture needle, as clinically expressed by head motion and
extensions of the hind legs. Self-reaction of the needle from
one side of the dorsum area, which was automatically con-
ducted from one-sided EA stimulation, was insufficient to
provide analgesia, particularly when the surgery involved
manipulation of internal organs (small intestines and ovarian
ligament). Dorsal recumbency and muscular fasciculation
during EA stimulation facilitate gradual retraction of the
acupuncture needle. Restriction of the needle on the fur
using adhesive tape was considered a stress factor.
ST-25 (Tian Shu) is innervated by the tenth and the
eleventh intercostal nerves, with the main function being
Figure 6 Schematic drawing of the influence of EAA for segmental acupuncture during a rabbit ovariohysterectomy.
EAA Z electroacupuncture analgesia.
22 V. Parmengastrointestinal homeostasis [3]. Subcutaneous insertion of
a long acupuncture needle (6.5e7 cm) at ST-25 directed
caudally along the midline involves a subcutaneous inter-
connection of acupoints from the stomach meridian
including ST-25, ST-26, ST-27, and ST-28 [3]. Particularly, in
rabbits, the anatomic structures of the subcutaneous layer
are thin with tiny blood vessels.
Clinical assessment including skin analgesia at the inci-
sion site using a needle test was extended along the midline
between the needles and off sites, cranial and caudal sites.
The recordings contributed to the design of an analgesic
map including the ventral abdomen (Fig. 4). The shape of
the analgesic map follows the lines of the stomachFigure 7 (A) Schematic drawing of local analgesia at the incision
operative electric stimuli in EAA for segmental acupuncture and th
of electrostimulation. AP needles Z acupuncture needles; EAA Zmeridian, with a powerful analgesic influence along the
midline at epigastric, mesogastric, and hypogastric skin
areas that allowed incision of the skin (3e4.5 cm) and all
layers of the abdominal wall. Acupuncture formulae
designed to supply local analgesia at the incision site pro-
vided excellent analgesia for all nine rabbits (Fig. 7A).
The pathway of EA stimulus from the incision site to the
spinal cord followed a segmental approach (dermatome)
(Fig. 7A and B). Segmental acupuncture involves stimu-
lating certain parts of the body related to a spinal segment
(by acupuncture). Once a spinal segment has been stimu-
lated by acupuncture/EA, it will suppress the pain coming
from all anatomic structures interconnected with thissite; (B) schematic drawing of the pathway of preoperative and
e contacts of internal organs with abdominal wall at the source
electroacupuncture analgesia; ER Z electrical resistance.
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hypogastric area) and internal organs (ovaries, uterus, and
cervix).
Local stimulation at the incision site provides an addi-
tional way to stimulate internal organs directly while the
segments of reproductive organs are being exposed. A
surgical procedure facilitates the contact of internal organs
with the abdominal wall at the source of electrostimulation
(Fig. 7B). Every time the internal organs were touched, a
new information signal was sent to the spinal cord. Clinical
correlations in the postoperative stage exhibited poor
analgesia in the NLA group (5/5, 100%) and excellent
analgesia in the EAA group (7/7, 100%). Postsurgical re-
covery time in the EAA group (4e9 minutes) was shorter
(<5.2 times) than in the NLA group (30e45 minutes).
The electric charge of EA flowed from one needle with
“e” to the other needle with “þ” of the voltage source.
The total resistance the voltage had to push the current
through was that of the two acupuncture needles. The
electric resistance of the animal’s body depended on the
concentrations of salt and water. Salt allows water to
conduct electricity through the tissues. Higher salt con-
centrations in tissues provide better current flow, facili-
tating tissue stimulation. More resistance results in
decreased current flow [26] (Fig. 8).
The modern theory of AA is based on a neurohormonal
mechanism [10,13,14]. Acupuncture needles have been
concluded to have no effect on pain unless they are moved
or an electric current is applied, implying that a significant
input to the CNS is required for analgesia. Acupuncture
needles stimulate type-I and type-II afferent nerves or
A-d fibers responsible for the transmission of information to
the anterolateral tract of the spinal cord. The C fibers are
responsible for pain transmission and they make contact
with the spinal cord in the substantia gelatinosa in lamina
II. The differences between these two fibers are in the
speed of transmission, which is faster in A fibers (12e30 m/
s) than in C fibers (0.5e2 m/s), and the fact that the A fi-
bers do not cause aversive pain whereas C fibers transmit
pain [3]. The stimuli generated by acupuncture needles
arrive at the dorsal horn through the A-d fibers and activate
segmental interneurons, where enkephalin and dynorphin
are released [10]. When enkephalin and dynorphin are
released at the level of the spinal cord, pain is blocked
presynaptically. These enkephalins inhibit any C-fiberFigure 8 Ratio between the conductivity and the electrical
resistance of local tissue during EA stimulation.
EA Z electroacupuncture.activity going on in the same dorsal horn [27]. The mech-
anism may also suppress the release of substance P from
the afferent pain axon, thus inhibiting pain-impulse trans-
mission to the brain for conscious perception. Depending on
the degree of stimulation achieved by EA, C-fiber pain may
be switched off or decreased. The information from the
dorsal horn is transmitted to the highest level involving the
CNS using the spinothalamic tract. The hypothalamus
connection with the midbrain activates the descending
analgesia system by b-endorphin activity [3,13]. The
midbrain uses enkephalin to activate cells in the peri-
aqueductal gray matter and the raphe descending system,
which inhibits spinal-cord pain transmission by a synergistic
effect of monoamines, serotonin, and norepinephrine [10].
The hypothalamusepituitary system is the place in which
the pituitary gland releases b-endorphin into the blood and
cerebrospinal fluid to generate analgesia at a distance.
Moreover, ACTH released by the pituitary gland is an
important component in the hormonal mechanism that
directly influences stimulation of the adrenal glands and
production of cortisol. The hypothalamusepituitaryeadrenal
axis plays an important role in AA, with obvious increases in
ACTH and cortisol levels [2,10,13]. In stressful conditions, all
these constituents modulate the stress mechanism. For this
reason, there is a strong consideration that acupuncture in
animals is stress-induced analgesia [14].
Three of the seven rabbits expressed signs of stress
before undergoing EAA. This was measured based on the
hypersensitivity to external (handling, noise, visual and
olfactory) stimuli, rapid breathing, decreasing HR, jumpi-
ness, and sitting with the back in a hunched position. The
presence of generalized sensitivity recorded during the
preoperative stage and persisting during the operation was
expressed by small motions of the head, eyes being wide
open, flexion of the hind legs, and rapid breathing while the
body was in touch with assistance’s hands, all of which
emphasize the presence of stress. Stress in rabbits makes it
difficult to establish collaboration between the surgeon and
the animal in terms of restraining procedures and EA
stimulation because quite often the depth of needle
insertion is disturbed or needle dislodgement becomes an
issue due to body movement. During the operative time,
the stress, which was represented by external factors such
as noise, excessive light, and different odors, had a direct
influence on the degree of AA due to retained consciousness
of the rabbits, which allowed them to perceive their sur-
roundings and react accordingly. In human medicine, pa-
tients are clinically assessed for stress before undergoing
surgical acupuncture [1,8]. The emotional state of the pa-
tient before needle insertion highly correlates with the
effect of acupuncture anesthesia [28]. In conclusion, the
presence of external (auditory, visual, and olfactory)
stimuli during the preoperative and the operative stages
must be avoided because they are considered as stress
factors that disturb the animal during EA. Despite this
negative influence on the degree of the animal’s calmness,
EAA can successfully maintain surgical analgesia.
The mechanism of stress induced by external factors,
such as auditory, visual, and olfactory factors, is retained
and works independently of and synchronously with the
mechanism of stress induced by electric acupuncture. A
respiratory “peak” was recorded shortly after NLA and
24 V. Parmensignifies an early stage of neurovegetative disconnection. In
the first half of the operative stage, tachypnea and
bradycardia were correlated with occasional mild sensi-
tivity encountered during the incision of the abdominal wall
and exposure of the ovaries. Postoperative tachypnea and
increased heart activity were correlated with a positive
needle test around the incision site and induced a state of
postoperative pain. Myorelaxation was present in the NLA
group. The position of the body in lateral recumbency with
all extremities in extension, including front/hind legs and
the head (opisthotonus), had a negative impact on the in-
ternal temperature, making it easier to lower the internal
body temperature despite the fact that the temperature
was decreased (hypothermia). During postoperative care,
the inability of the rabbits in the NLA group to react or
move their bodies for 30e45 minutes and the associated
neurological signs (opisthotonus, bruxism, and nystagmus)
demonstrated a gradual recovery from neurovegetative
disconnection with perception of pain at the incision site.
5. Conclusion
EAA is a drug-free technique that can provide surgical
analgesia for a rabbit ovariohysterectomy, resulting in a
shorter recovery time and suppressing pain sensation during
postoperative care.
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